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segments 


The embryologic and postnatal development of 
the craniofacial region is an extremely complex pro- 
cess. Craniofacial growth involves a progression 
wherein each of the elements of the craniofacial 
structures, skeletal, and soft tissue units continu- 
ously change, both structurally and spatially, in 
position, in different directions, at different 
velocities, to a different extent, and at different 
times. This equilibrated interplay of the anatomic 
structures is influenced by function, the functional 
matrix, as described by Moss |1], and growth 
centers yielding to the genetically determined 
form of the facial skeletal structures. This complex 
interplay of the various factors that govern the 
growth and development must be coordinated as 
carefully as a choreographed dance sequence. Any 
imbalance of these various tightly choreographed 
sequences can lead to  craniomaxillofacial 
anomalies. 


Vertical maxillary hypoplasia 

Case 4: vertical maxillary hypoplasia, 
short face 

Vertical maxillary hyperplasia 

Case 5: vertical maxillary hyperplasia, 
retromandibulism, long face 

Craniofacial transition zone 

Case 6: nonsyndromal hypoplasia 
of the midface 

Summary 
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Dentofacial deformities, the origins of which are 
congenital and occur as a result of a genetic defect, 
have the most profound influence on growth and 
development. These deformities include facial 
clefts, various maxillofacial syndromic conditions 
(Treacher-Collins, Nager, and others), and craniofa- 
cial conditions (Crouzon, Apert, and others). In 
these anomalies, sutural fusion, hypoplastic and 
aplastic elements that involve not only the underly- 
ing skeleton but also the soft tissue structural ele- 
ments (skin and neuromuscular), and abnormal 
growth potential all significantly affect the ultimate 
facial form. Equally traumatic events can adversely 
influence subsequent development. A condylar 
fracture may lead to asymmetric development of 
the mandible and subsequently influence the 
midfacial development. 

However, most of the conditions that the clini- 
cian encounters are the maxillofacial deformities 
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of developmental origin. The genetic role of inher- 
itance and familial tendency are clearly evident in 
similarities between parents and their offspring, 
but it is not the final determinant. The influence 
of environment and function impacts the role of 
inheritance as epigenetic factors. For instance, 
abnormal tongue posturing leads to an eruption 
disturbance of the teeth and an anterior open bite 
deformity, with consequential abnormal maxillary 
and mandibular skeletal deformity. A similar 
situation develops in habitual mouth breathers, 


A 





where the characteristic three-dimensional growth 
deformity of the maxilla is often the result, a narrow, 
long, nasomaxillary complex, often with an associ- 
ated retrognathic mandible. For the midface, two 
components are particularly important in defining 
the midfacial region: the cranial base, which deci- 
sively determines the form of the midface, and the 
airway, which has a significant influence on growth. 

Historically, the focus has been on the defor- 
mities of the lower jaw, and not on those of the 
maxilla. When, in 1907, Angle |2| presented his 
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Fig. 1. (A) Patient with retromaxillism and corresponding class IIl occlusal relationship. (B) Preoperative and 
postoperative lateral cephalometric radiographs showing the LeFort | advancement. (C) The clinical outcome, 
showing improvement in the midface and occlusal relation. 
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Fig. 1 (continued) 


classification, he assumed that the anatomic rela- 
tionship between the maxillary first molar and the 
body of the zygoma (zygomatic crest) would be 
constant, which naturally led to the concept that 
all dysgnathia would have its origin in the lower 
jaw relative to a “constant” upper jaw, and excluded 
the possibility that the dentition of the upper jaw 
could be equally, or solely, the cause of the patient's 
dysgnathia. Furthermore, mandibular surgery and 
correction of prognathism preceded maxillary sur- 
gery. Once the LeFort I became a reliable procedure 
within the surgeon’s armamentarium, the contri- 
bution of maxillary and midfacial deformities to 
the patient's malocclusion and skeletal deformity 
were better understood. 


Maxillary hypoplasia 


Approximately 2% of the European population 
demonstrates a class III occlusion. Of these, an esti- 
mated 30% to 40% present as distinctly different 
patterns of maxillary deficiency that occur in all 
three facial planes in various combinations. In con- 
trast, patients who have facial clefts and related 
anomalies present with a significantly higher 
percentage of midfacial skeletal deficiency than the 
unaffected population. 


Sagittal maxillary hypoplasia (retromaxillism) 


Clinically, the patient presents with a concave facial 
profile, a deficiency of the maxilla that may extend 
to involve the zygoma, a paranasal deficiency with 
an accentuated nasolabial fold, a narrow alar base, 
an acute nasolabial angle, short upper lip length, 
and a retrusive upper lip with a thin vermilion, 
and, in many circumstances, an accompanying 
lack of dental display (vertical deficiency). As a con- 
sequence, the mandible appears prognathic, which 
is further accentuated when there is an accompany- 
ing vertical maxillary deficiency resulting in further 
counter-clockwise rotation of the mandible (over- 
closure), with a resulting edentulous look. 

Dental characteristics include a class III molar 
and canine relationship, maxillary dental crowding 
with canines blocked out (infra-eruption and lat- 
eral) of the dental arches, and, in many circum- 
stances, deficient transverse palatal arch width 
(posterior lingual crossbite), proclined maxillary 
incisors, and mandibular incisors retroclined as 
compensation for the existing skeletal discrepancy. 

In maxillary hypoplasia cases the ANB angle is of- 
ten negative (normal 0-4 degrees), the SNA angle 
more acute (normal 82° + 3.5), and the SNB angle 
(normal 80° + 3) within an acceptable normal 
range. However, reliance solely on cephalometric 
data may not accurately reflect the degree of 
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Fig. 2. (A) Case of retromaxillism with transverse deficiency and mandibular retroalveolism. (B) Mandibular 
anterior alveolar distraction using a hinge-joint bone plate to allow rotation. Simultaneous correction of the 
transverse maxillary deficiency by way of surgically assisted rapid palatal expansion. (C) Once the dentition is 
fully decompensated, the class III skeletal profile becomes more evident. The open spaces distal to the canines 
will be managed by the placement of implants. (D) Preoperative and postoperative lateral cephalometric 
radiographs showing a LeFort | advancement, mandibular BSSO setback, and vertical chin augmentation. 
(E) The clinical outcome, showing an improved aesthetic midfacial to lower-facial relationship. Once the patient 
is debanded, osseointegrated implants are placed in the dental gaps. With the mandibular setback comes an 
improvement in the contour of the gonial angle. 
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Fig. 2 (continued) 


maxillary deficiency. In many instances, it is as- 
sumed that the structures to which the cephalomet- 
ric indices are referenced, such as the cranial base, 
are unaffected by the patient's condition. For in- 
stance, the SNA angle in this category may be inac- 
curate because the anterior cranial base is often less 
inclined (flatter) than in the normal population, 
which is particularly true in many of the craniofa- 
cial conditions. In general, when the SNA angle is 
less than or equal to 74°, the maxilla is retrognathic. 
If, in addition, the distance between the anterior 
and posterior nasal spine is less than or equal to 
50 mm, the coexistence of an absolute maxillary 
deficiency as a result of hypoplasia establishes the 
maxillary deformity. Other cephalometric indices 
may be similarly affected and the surgeon must 
correlate these with the clinical examination and 
not rely solely on measures and normative data 


that are specific to the population from which 
they are derived. 


Case 1: retromaxillism 
Clinical characteristics 


Concave profile (Fig. 1A) 

Sunken upper lip 

Obtuse nasolabial angle 

Upper lip deficiency relative to lower lip (inverse 
lip-step) 

Mandible normal in size and position 

Class III occlusion, negative overbite and overjet 

All dental compensations and dental upper arch 
crowding eliminated by extraction of an upper 
bicuspid on each side 

Crossbite in the second molar area due to pre- 
surgical transverse orthodontic coordination 
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Fig. 2 (continued) 


Surgical treatment 
Surgical treatment is maxillary advancement at the 
LeFort I level (Fig. 1B) [3]. 


Outcome 

The clinical outcome shows improvement in the 
aesthetic relationship of the midface to the lower 
face and an improved occlusal relationship with 
positive overjet and overbite (Fig. 1C). 


Transverse maxillary hypoplasia 
(constricted maxilla) 


Transverse maxillary deficiency can be skeletally 
bilateral or unilateral, may involve the dentoalveo- 
lar region (maxillary medioalveolism), and may be 
present in combination with other maxillary condi- 
tions (Case 2). Patients who have clefts present with 
collapsed or constricted transverse maxillary arches, 
and many patients who have craniofacial condi- 
tions present with a constriction and a high-arched 
palatal vault. Isolated forms of transverse maxillary 
hypoplasia frequently complicate other forms of 
skeletal facial anomalies, such as open bite cases, 
retromandibulism, and antemandibulism (Case 
3). Dental characteristics correspondingly include 


unilateral or bilateral crossbite with rotation, mal- 
position, and buccal tilting of the maxillary teeth. 

Three fundamental approaches to correcting the 
deficiency in the transverse maxillary plane are 
used. One approach is maxillary expansion (with 
or without surgical assistance) before correction of 
the sagittal or vertical components of the deformity. 
A second approach is to multisegment the maxilla 
at the time of the definitive procedure. The third 
option is the extraction of the maxillary bicuspids, 
followed by orthodontic retraction of the anterior 
dentition and consequent surgical change into class 
II molar relation. In severe cases, the combination 
of expansion and extraction of bicuspids becomes 
necessary. The difference between surgically assisted 
maxillary expansion and multisegmented LeFort I 
osteotomy is that space within the maxillary dental 
arch can be created, which allows the orthodontist 
to correct an existing protrusion of maxillary inci- 
sors or dental crowding. In hyper-divergent cases 
with open bite, the author normally prefers bicus- 
pid extractions for stability reasons. 

Special considerations are necessary with cleft 
patients who present with collapse of the dental 
arches as a consequence of the cleft. In non- 
skeletally mature patients, the standard protocol is 


orthodontic maxillary expansion followed by bone 
graft at a time before the canine has erupted. This 
procedure will allow the orthodontist to align the 
dentition in the vicinity of the grafted alveolar cleft 
with stability of the dental roots. The sagittal and 
vertical deformities are then managed when skele- 
tally mature. However, when skeletally mature cleft 
patients present without having had this oppor- 
tunity of staged reconstruction, the author’s pre- 
ference is simultaneous maxillary advancement 
and expansion in a single stage. If a lateral is miss- 
ing, then the canine is brought into the lateral 
incisor position with the segmental procedure and 
simultaneous iliac bone graft. The canine is then 
subsequently contoured for aesthetic appearance. 
Orthodontic management in the cleft region is 
minimal until after surgical closure to avoid peri- 
odontal injury, with the possible consequence of 
tooth loss. 


Case 2: retromaxillism, narrow maxilla, 
mandibular retroalveolism 


Clinical characteristics 


Frontal view showing narrow facies with poor 
gonial angle contour (Fig. 2A) 

Concave profile 

Flat midface: maxilla and malar 

“Edentulous” facial expression 

The chin prominent but in normal position 

Lack of dental support to the upper and lower lip 

Prominence of nasolabial folds and crease 

Narrow alar base 

Class I molar and canine relation 

Crowding in the maxillary and mandibular 
dental arches 

Incongruent curves of Spee 

Protrusive maxillary incisors 


Treatment plan 

The treatment plan is a combined surgical and 
orthodontic approach. The two-stage surgical 
approach (Figs. 2B-D) is 


1. Anterior mandibular alveolar segment distrac- 
tion osteogenesis |4,5| and surgically assisted 
rapid palatal expansion (see Fig. 2B). 

2. Orthodontic alignment of two dental arches, 
including full decompensation of the existing 
skeletal anomalies. Now it becomes clear that 
this case is a class III case (retro-/micromaxil- 
lism). The occlusion before the second surgical 
procedure shows class III molar relation and 
a negative overjet. The opened space behind 
the canines will be managed by dental implants 
at the end of the treatment (see Fig. 2C). 
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3. Bimaxillary surgery: 13 mm of maxillary 
advancement at the LeFort I level, mild mandib- 
ular set back through BSSO |6], and clockwise 
rotation of both jaws. In addition, vertical chin 
augmentation and, again, mandibular segmen- 
tal osteotomy for widening of the mandible 
(see Fig. 2D). 


Outcome 

The outcome shows improved facial aesthetics with 
good lip support, balanced skeletal relation, and 
widened maxilla and mandible (Fig. 2E). From 
the frontal view, the face has harmonized, with 
normal mandibular width and gonial angles. The 
occlusion shows a normal overbite and overjet. 
The creation of a gap behind the canines allows 
class II molar relation. The bone and gingiva gener- 
ated there through distraction is excellent and ready 
for dental implants. 


Case 3: retromaxillism in a cleft patient, 
tranverse collapse of the maxillary segments 


Clinical characteristics 


Lack of upper lip support (Fig. 3A) 

Everted lower lip 

Negative lip-step 

Minted midface hypoplasia at the cleft side 

Typical unilateral cleft nose 

Class III occlusion 

Missing lateral incisor at the cleft side 

Negative overjet 

Collapsed small maxillary segment, producing 
a step within the maxillary dental arch at the 
cleft area 

Mild degree of mandibular overclosure caused 
by some degree of vertical maxillary hypopla- 
sia, which is typical in many cleft patient cases 


Treatment strategy 
The treatment strategy is 


1. Bimaxillary surgery using LeFort I advancement 
in two parts for additional maxillary expansion 
and for bringing the maxilla more inferiorly. 
In addition, mild mandibular setback was 
performed through BSSO (Fig. 3B). 

2. Septorhinoplasty 


Outcome 

The pictures demonstrate normalization of the 
patient's facial appearance, with improved relation- 
ship between the upper and lower lips, and symme- 
trization in the midface and the nose (Fig. 3C). 
Normal occlusal situation following expansion of 
the collapsed maxillary segment. Class I dental 
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Fig. 3. (A) Patient with an unilateral cleft lip and palate who presented with midfacial skeletal deficiency, a class 
Ill occlusal relationship, and a collapsed lateral dental arch on the cleft side. (B) Preoperative and postoperative 
lateral cephalometric radiographs showing LeFort | advancement and a BSSO mandibular setback. (C) The post- 
operative clinical result, showing improved midfacial to lower-facial aesthetic relationship with a more symmet- 
ric appearance to the nose. The occlusion on the noncleft side is class | and on the cleft side is class II because of 
a missing lateral. The canine is in the lateral incisor position. 


situation at the noncleft side, class II at the cleft side 
due to the missing lateral incisor. 


Vertical maxillary hypoplasia 


The maxilla, as a whole, can be positioned too far 
cranially (inframaxillism), or the dentoalveolar 
region has not developed vertically, resulting in 
maxillary hypoalveolism. This vertical deficiency of 
the maxilla can coexist with maxillary deficiency in 
other planes (transverse and sagittal). The isolated 


forms have to be distinguished from the concept 
in the American literature described as the “short 
face syndrome.” In such cases, the middle third of 
the face is vertically short, giving it a squat, square 
appearance. With vertical deficiency, dental display 
is minimal, even with smiling, and the patient has 
an edentulous look. The nasolabial angle is acute, 
with a broad alar base. With mandibular over- 
closure (counter-clockwise rotation), the corners 
of the mouth become noticeably down-turned, 
with excessive skin folds lateral to the commissure, 
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Fig. 3 (continued) 


the mandible appears long, and the chin prominent. 
When the mandible is in the normal rest position, 
the facial appearance improves. Many of these 
cases present with a class I or class II occlusion 
(Case 4). 


Case 4: vertical maxillary hypoplasia, 
short face 


Clinical characteristics 


Short lower third of the face (Fig. 4A) 

Vertical upper jaw deficiency 

Maxillary incisors not be seen with laughter 

Vertical mandibular hypoplasia, including 
mandibular retroalveolism 

Retrodisplacement of the maxilla and mandible 

Extreme deep overbite 

Class II molar relation 

Incongruent curves of Spee 

TMD 


Treatment strategy 
The treatment strategy is 


1. Presurgical orthodontic treatment (Fig. 4B) 
2. Bimaxillary surgery: LeFort I advancement and 
downgrafting of the maxilla (6 mm) using 


autogenous iliac crest graft and titanium mini- 
plates. Mandibular osteotomy in six parts, 
including BSSO, mandibular front block 
osteotomy, and vertical chin augmentation. 
Clockwise rotation of the maxillomandibular 
complex. 


Outcome 

The result shows the harmonization of facial 
structures, with an increase of lower facial heights, 
lip support, and normalization of the exposition 
of maxillary incisors (Fig. 4C). Class I occlusal 
relation, a normal overbite and overjet was 
achieved. Craniomandibular dysfunction subsided. 


Vertical maxillary hyperplasia 


Patients who have vertical maxillary hyperplasia 
present with an increase in the lower facial height 
and a clockwise rotation of the mandible, resulting 
in a convex facial profile (Case 5). The chin is verti- 
cally long and retrusive. With a vertical growth pat- 
tern, maxillary teeth and gingival tissue are exposed 
excessively in a relaxed position of the lips, with 
a “gummy” smile. The lower lip appears protrusive 
without support of the upper dentition. Bilabial 
lip incompetence (increased interlabial gap) is 


527 


528 Obwegeser 


A 








Fig. 4. (A) Patient with vertical maxillary hypoplasia and a class II deep-bite occlusal relationship. (B) Preoperative 
and postoperative lateral cephalometric radiographs showing LeFort | advancement and downgrafting using 
iliac bone graft with a multisegmented mandibular surgery (BSSO, mandibular anterior segment, and genio- 
plasty. (C) Clinical outcome, demonstrating an improved midfacial to lower facial aesthetic relationship and 


an improved occlusal relationship. 


present and mentalis strain occurs with attempted 
lip closure. The alar base is frequently narrow, the 
paranasal regions deficient, and malar projection 
is lacking in many of the patients. 

Intraoral examination will frequently reveal an 
anterior, open-bite deformity, a high arched palate 
with a V-shaped, transversely narrow maxilla, and 
dentition in palatal crossbite. Although the occlusal 
relationship is class II in most cases, class I and 


class II can occur with vertical maxillary excess. 
Downward and posterior rotation of the mandible 
(clockwise rotation of the mandibular plane) as a re- 
sult of excessive vertical maxillary growth makes an 
associated mandibular deficiency appear worse and 
mandibular excess not as severe. Whether an open 
bite is present depends on the differential in the 
growth between the posterior and anterior regions 
of the maxilla and the mandibular ramal length. 
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Fig. 4 (continued) 


Case 5: vertical maxillary hyperplasia, 
retromandibulism, long face 


Clinical characteristics 


Convex profile (Fig. 5A) 

Increased height of the lower third of the face 
Lip incompetence 

Receding chin 

Increased exposure of maxillary incisors 
Protruded maxillary incisors 

Severe class II occlusal relation 

Massive overjet, open bite 

Incongruent curves of Spee 


Treatment strategy 
The treatment strategy is 


1. Presurgical orthodontic precoordination (Fig. 5B) 

2. Bimaxillary surgery: LeFort I osteotomy in two 
parts. The frontal maxillary segment was upright- 
end and the whole maxilla impacted for 8 mm in 
the anterior region and 5 mm in the posterior re- 
gion, resulting in a counterclockwise rotation of 
the maxillomandibular complex. Massive man- 
dibular advancement by BSSO and advancement 
genioplasty. 


Outcome 
The pictures show the absolutely stable situation 
5 years after treatment, with harmonization of the 


face and a stable class I occlusion, with normal 
overbite and overjet (Fig. 5C). 


Craniofacial transition zone 


Midfacial skeletal deformities may involve not only 
the maxilla but also the zygomatic-orbital-nasal 
complex: malar deficiency, exorbitism, and defici- 
ency of the nasal bones. They are consistently a char- 
acteristic feature of various syndromic conditions: 
Binder, Crouzon, Apert, Pfeiffer, Saethre-Chotzen, 
and others. Reconstruction requires advancement 
of the entire midface with a LeFort III or the nasal- 
maxillary complex with a LeFort II |7|. However, 
patients may present with varying degrees of defi- 
ciency of the upper midfacial regions without an 
underlying syndromic condition, and, as such, re- 
quire tailoring of the LeFort I-type osteotomy to the 
patient’s deformity that may approach the classical 
LeFort II and III procedures. The surgeon needs to 
assess the midface as a composite of elements: alveo- 
lus, maxilla, zygoma, orbit, and nose. For each ele- 
ment, he/she must determine what is positionally 
and volumetrically abnormal, determine the final 
position, tailor the surgical procedure, and then do 
the necessary orthodontic detailing to achieve the 
surgical goals. By multisegmenting the midfacial 
skeleton, the surgeon can correct the deformities of 
the upper midfacial region independent of the 
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Fig. 5. (A) Patient with vertical maxillary hyperplasia and a class Il occlusal relationship. (B) Preoperative and 
postoperative lateral cephalometric radiographs showing LeFort | differential impaction in two segments 
with mandibular BSSO advancement and genioplasty. (C) Clinical outcome, with improved midfacial to lower 
facial aesthetic relationship and occlusion. 


deformities of the maxillary-mandibular complex Prominent-appearing chin 
(Case 6). An obtuse labiomental fold 
Reduced nasal breathing 
Case 6: nonsyndromal hypoplasia Class III molar relation 
of the midface Missing lateral maxillary incisor on the 
Clinical characteristics right side E l So 
Maxillary dental midline shift to the right side 
Flat and sunken midface (Fig. 6A) Retruded and crowded lower front teeth 


Concave profile 
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Fig. 5 (continued) 


Nearby full dental compensation of the existing 
skeletal anomaly 


Treatment strategy 
The treatment plan is acombined surgical orthodon- 
tic treatment, with a two-stage surgical approach. 


1. Anterior mandibular alveolar segment distrac- 
tion osteogenesis to correct retruded lower 
front teeth and alveolar process with addi- 
tional space for the orthodontic correction of 
mandibular crowding. The author normally 
uses a hinge plate and a dental-anchored dis- 
traction bar for front block distraction. After 
a latency period of 2 months after distraction, 
the orthodontist is then able to move the teeth 
into the newly generated alveolar bone 
(Fig. 6B). 

2. Orthodontic precoordination 

3. Combined LeFort III and LeFort I advancement 
and BSSO. The upper midface is differently ro- 
tated than the lower midface at the LeFort I 
level. Through this rotation, the concave mid- 
face can easily change from concave to convex 
(Fig. 6C). 


Outcome 

The pictures demonstrate the dramatic change in 
the patient's appearance, with complete harmoni- 
zation of the face, including full midface and lip 
support and a balanced position of all facial parts 
(Fig. 6D). The occlusion shows a normal situation 
with normal overbite and overjet. Because of the 
missing lateral incisor on the right side, the right 
side has class II molar relation. 


Summary 


Historically, patients who presented with complex 
craniomaxillofacial deformities were managed by 
focusing solely on the mandible with correction 
of the occlusion, without regard for the midface. 
Mandibular procedures long preceded the surgeon’s 
ability to address the midface and cranio-orbital 
regions adequately. The LeFort I of H. Obwegeser, 
followed by the transcranial approaches of 
P. Tessier, now allow the surgeon to address fully 
a complex range of craniomaxillofacial deformities. 
The surgeon today has the ability to disassemble the 
midface, either as a single unit or as multiple units, 
in various planes, to address each patient's unique 
deformity. 


531 


532 Obwegeser 


A 





ee ra 
even P 


Fig. 6. (A) Patient with significant midfacial deficiency (maxilla, zygoma, and orbital rim) with compensated class III 
occlusion. (B) Anterior mandibular dental alveolar osteotomy, placement of a hinge-joint bone plate, and a dental- 
anchored distraction bar to improve the arch form and decompensate the mandibular dentition fully. (C) Preop- 
erative and postoperative lateral cephalometric radiographs showing LeFort Ill, LeFort |, and mandibular BSSO 
procedure. (D) Clinical outcome, with dramatic improvement in the overall facial aesthetic balance and occlusal 
relationship. On the right, the occlusion is class Il as the canine is moved into the missing lateral incisor position. 
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